INTRODUCTION
Recently, increased attention has been given t o the p o t e n t i a l u t i l ization o f geothermal energy f o r a v a r i e t y o f purposes, both i n the generation o f e l e c t r i c a l power as we11 is a v a r i e t y o f nonelectrical uses. t i c a l estimates o f the p o t t i a l c a p a b i l i t i e s of geou t i l i z a t i o n vary widelye I n the area o f e l e c t r i c a l production f geothermally produced e l e c t r i c a l capacity f o r the the next 50 years vary.from 1000 MW esenting 0.05% t o 22% o f the Nation's 2,000,000-MW t o t a l , e l e c t r i c a l capacity projected f o r the year 2000 (Beall e t al., i o n o f e l e c t r i c i t y i s, because the costs many other forms o f production.
n as a t t r a c t i v e from a p i t a l equipment and I n comparison w i t h nuclear or coal, where mining, processing, and occur at widely separated sites, environmental p r o t e c t i more e a s i l y assumed because the " f u e l cyclefi1 i s confined t q the s i t e . I n addition, public acceptability appears more l i k other technologies because geothermal energy i s clean, and apparently does not e l i c i t the concer accompany nuclear energy (Small, 1973) .
Process heat uses of.geotherma1 f l u i d s (as w cation o f t h e -f l u i d s ) f o r i r r i g a t i o n , aquaculture, and hydroponics are among the diverse nonelectrical uses suggested f o r geothermal energy (Table 1) .
nonelectrical uses presently account f o r less than 4% o f exploited Peterson and El-Ramly (1976) have estimated t h a t Kunte and Richardson (1975) geothermal energy within the United States, while on a world-wide basis breachings, equipment f a i l u r e , or human oversight can r e s u l t i n the release o f geothermal f l u i d s and t h e i r constituent trace elements t o streams, lakes, reservoirs, or other aquatic environments. I n the Roosevelt Hot Springs (Utah) area, hydrothermal f l u i d s were intent i o n a l l y discharged i n t o surface channels u n t i l damage t o t e r r e s t r i a l vegetation became evident, a t which point the practice was discontinued (Lenzer, Crosby, and Berge, 1977) . Other situations i n which the u t i l i z a t i o n design c a l l s f o r surface release or use o f hydrothermal f l u i d s include land i r r i g a t i o n (Schmitt and Peterson, 1977) , hydroponic I n a l l o f these processes, s p i l l s , sump overflows or dike greenhouse operations (Gutman, 1975) , and aquaculture (Roberts, 1975 ).
Hydrothermal f l u i d s from both liquid-dominated (hot water) and vapor-dominated (steam) reservoirs have been analyzed by several invest i g a t o r s and found t o contain a v a r i e t y o f trace elements. Table 2 presents the analysis o f 14 trace elements and t o t a l dissolved s o l i d s (TDS) from a selection o f hydrothermal systems i n the western United States and Alaska.
hundreds t o hundreds o f thousands o f milligrams per l i t e r (mg/liter).
Similarly, the concentrations o f the elements i n Table 2 range from less than one microgram per l i t e r ( p g / l i t e r ) t o thousands o f mg/liter.
Values o f t o t a l dissolved s o l i d s range from
The concentrations o f these elements vary from region t o region, from d i f f e r e n t wells w i t h i n a region, and even w i t h time from single wells. It i s therefore necessary t h a t detailed chemical analyses be performed f o r each geothermal reservoir u t i l i z e d , and t h a t these analyses be conducted p e r i o d i c a l l y , i n order t o provide an accurate measure of the trace element constituents o f the geothermal f l u i so t h a t an i n i t i a l determi nation o f the potenti a1 f o r environmental ntamination can be made.
METHODS
Based on the trace element analyses reported i n Table 2 , we assessed two types o f p o t e n t i a l impacts which might occur if the f l u i d s were released t o aquatic environments through design or accident: t o x i t i t y t o aquatic b i o t a and contamination o f food f i s h e r i e s through bioaccumul a t i o n . W e used the methods described f o r the assessment o f these p o t e n t i a l impacts from coal conversion process e f f l u e n t s (Hildebrand, Cushman, and Carter, 1976) . 
r a t i o n i n order t o provide a r a t i o f o r assessing the p o t e n t i a l f o r hazardous bioaccumulation i n freshwater f i s h . Where the r a t i o of the reported concentrations divided by e i t h e r the t o x i c concentration or bioaccumulation threshold concentration had a value o f one or more, t h i s element was interpreted as p o t e n t i a l l y hazardous, w i t h the potent i a l f o r b i o l o g i c a l impact rated as low, medium, or high i f the r a t i o concentration o f element i n hydrothermal f l u i d t o x i c concentration or concentration o f element i n hydrothermal f l u i d bioaccumul a t i on threshold concentrat ion
ranged between 1-100,100-10,000, or > 10,000, respectively.
RESULTS

Our analysis o f the p o t e n t i a l t o x i c i t y and bioaccumulation hazard
o f the trace elements found i n hydrothermal f l u i d s , based on the range o f reported concentrations from Table 2 , i s sumnarized f o r the 14 elements i n Table 3 . For most o f the elements, the minimum reported Table 3 were less than one.
A t the maximum reported concentrations o f the elements i n hydrothermal f l u i d s , however, only one element, t i t a n i u m ( T i ) was observed a t a concentration below the known t o x i c leve , while the other t h i r t e e n elements were found at t o x i c levels, w i t h r a t os ranging from 9.6 (Rb) t o 54,000 (Zn) ( Table 3) . A l l 14 elements we considered, when a t maximum reported concentration, were found t o present a p o t e n t i a l bioaccumulation hazard, w i t h r a t i o s ranging from 12 (B) t o 470,000 (Mn) ( Table 3 ). (Table 4) . Potential impacts o f these elements a t w e s t reported concentrations .in hydrothermal f l u i d s range from t o medium, or unknown, accord n t i a l , As, Br, Cr, Hg, Ni, Rb, i s (Table 4) . Low potential = calculated r a t i o i n Table 3 o f 1-100 Medium potential = calculated r a t i o i n Table 3 o f 100-10,000 High potential = calculated r a t i o i n Table 3 . I (Pickering and . L Henderson, 1964; Cairns and Scheier, 1957; Mount, 1966;  . . Wurtt, 11962),, and8 i n such instances the eysers , geot hermal, r e g i on, i n water,chemistry o f surface waters i s l a r g e l y soft.
ave been found t o *be p a r t i c u l a r l y t o x i c t o aquatic a16 for impact i s clear
where , e l e c t r i c a l production f rom geothermal energy i n t h e o f steelhead, t r o u t i n Big United States i n c u r r e n t l y centered,,a Sulphur Creek has been a t t r i b u t e d t o a discharge o f geothermal conden- 
